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Abstract 

Background: Androgen receptor (AR) signalling is critical to the initiation and progression of prostate cancer (PCa). 
Transcriptional activity of AR involves chronnatin recruitnnent of co-activators, including the p300/CBP-associated 
factor (PCAF). Distinct miRNA expression profiles have been identified in PCa cells during the development and 
progression of the disease. Whether nniRNAs regulate PCAF expression in PCa cells to regulate AR transcriptional 
activity is still unclear. 

Methods: Expression of PCAF was investigated in several PCa cell lines by qRT-PCR, Western blot, and 
immunocytochemistry. The effects of PCAF expression on AR-regulated transcriptional activity and cell growth in 
PCa cells were determined by chromatin immunoprecipitation, reporter gene construct analysis, and MTS assay. 
Targeting of PCAF by miR-17-5p was evaluated using the luciferase reporter assay. 

Results: PCAF was upregulated in several PCa cell lines. Upregulation of PCAF promoted AR transcriptional 
activation and cell growth in cultured PCa cells. Expression of PCAF in PCa cells was associated with the 
downregulation of miR-17-5p. Targeting of the 3'-untranslated region of PCAF mRNA by miR-17-5p caused 
translational suppression and RNA degradation, and, consequently, modulation of AR transcriptional activity in PCa 
cells. 

Conclusions: PCAF is upregulated in cultured PCa cells, and upregulation of PCAF is associated with the 
downregulation of miR-17-5p. Targeting of PCAF by miR-17-5p modulates AR transcriptional activity and cell 
growth in cultured PCa cells. 



Background 

Prostate cancer (PCa) represents one of the most fre- 
quently diagnosed malignancies in men worldwide [1]. 
The androgen receptor (AR) is a member of the nuclear 
receptor superfamily that regulates ligand-dependent 
gene transcription [2]. Upon androgen binding, AR 
translocates to the nucleus and binds to consensus 
sequences of androgen response elements (AREs) in the 
genome to activate genes, such as prostate-specific anti- 
gen (PSA) [2,3]. Many of these AR-regulated genes are 
key regulators of prostate development and mainte- 
nance. AR signalling is also critical to the initiation and 
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progression of PCa, and androgen-deprivation therapy 
remains the most prevalent treatment [2-4] . 

Growing evidence has shown that co-regulators, factors 
recruited by transcription factors to activate or repress 
transcription, are indispensable components of transcrip- 
tional gene regulation [5]. Under physiological conditions, 
co-activators are necessary for the formation of a product- 
ive transcriptional AR complex by facilitating DNA occu- 
pancy, chromatin remodeling, and/or AR protein stability 
and acetylation [4]. Amplification or overexpression of AR 
and its co-activators can sensitize cells toward a low level 
of androgen and has been postulated to account for aber- 
rant AR activation in PCa [4]. In the progression of PCa, a 
subset of co-repressors is downexpressed [4]. Therefore, 
aberrant expression of co-regulators for AR may contri- 
bute to promiscuous activation of AR signaling in PCa 
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cells. The p300/CBP-associated factor (PCAF) has been 
shown to act as a co- activator to regulate gene tran- 
scription, potentially including AR-regulated transcrip- 
tional activity in PCa cells [6,7]. PCAF possesses histone 
acetyltransferase (HAT) activity, by which it renders the 
chromatin environment more easily accessible for the 
transcriptional machinery. Apart from the acetylation of 
histones, HATs have been shown to acetylate AR, promo- 
ting AR transcriptional activity [5]. Nevertheless, expres- 
sion of PCAF in PCa cells and its potential significance in 
PCa disease progression has not been fully elucidated. 

MicroRNAs (miRNAs) are small, non-coding RNAs 
that regulate posttranscriptional gene expression based 
on the complementarity between miRNAs and target 
mRNAs. This causes either mRNA cleavage and/or 
translational suppression, resulting in gene suppression 
[8]. To date, more than 1,000 human miRNAs have been 
identified and, as predicted, control the expression of ap- 
proximately 60% of human genes [9]. miRNAs are differ- 
entially expressed in normal and tumor cells, as well as 
between tumor subtypes [10,11]. Pathologically, miRNAs 
can be involved in the deregulation of the expression of 
important genes that play key roles in tumorigenesis, 
tumor development, and angiogenesis and have onco- 
genic or tumor suppressor roles [10,11]. The potential 
for use of miRNAs as biomarkers and therapeutic targets 
against cancer has been extensively studied [12,13]. Such 
approaches to manipulate the expression of miRNA tar- 
gets in the context of disease are currently being 
explored in clinical trials [12]. Clinically, miRNA expres- 
sion becomes altered with the development and progres- 
sion of PCa [14]. Some of these miRNAs have been 
demonstrated to regulate the expression of cancer- 
related genes in PCa cells [15]. Ectopic expression of 
these miRNAs significantly reduced PCa growth, sug- 
gesting growth modulatory roles for these miRNAs in 
PCa cells [16]. A recent report demonstrates that miR- 
17 may target PCAF in HeLa cells [17]. Interestingly, 
several miRNA arrays done by different laboratories 
revealed an aberrant expression of miR-17 in PCa cells 
[18-20]. The pathogenic significance of aberrant expres- 
sion of miR-17 in PCa cells is still unclear. 

In this study, we investigated the expression of PCAF 
in PCa cells, its targeting by miR-17-5p, and its potential 
effects on AR transcriptional activity. The data demon- 
strate that PCAF is a target for miR-17-5p in PCa cells. 
Downregulation of miR-17-5p causes overexpression of 
PCAF in human PCa cells, promoting AR transcriptional 
activity and PCa cell growth. 

Methods 

Cell lines and reagents 

RWPEl (non-malignant prostate epithelial cells) and 
LNCaP, C4-2B, and PCS PCa cells were cultured and 



maintained as previously reported [17-20]. PrEC (normal 
human prostate epithelial cells) were obtained from 
ATCC. The pCX-PCAF (Flag-tagged) was a gift from 
Dr. Tony Kouzarides (University of Cambridge, UK). 
PCAF siRNA was from Santa Cruz. 4, 5 a-dihydrotestos- 
terone (DHT) (Sigma-Aldrich) was used at 10 nM, as 
indicated in each experiment. DHT was dissolved in 
ethanol, which was also used as the control vehicle. 

Western blot 

Whole cell lysates were obtained from cells with M-PER 
Mammalian Protein Extraction Reagent (Thermo Scien- 
tific) plus several protease inhibitors (1 mM PMSF; 
10 (ig/mL leupeptin, 2 (ig/mL pepstatin). Cell lysates 
were then loaded at each line (a total of 40 [ig lysate pro- 
teins) in 4-12% SDS page gel to separate proteins and 
transferred to nitrocellulose membrane. Antibodies to 
PCAF (SC13124, Santa Cruz, at a final concentration of 
1 (ig/ml) and p-actin (A2668, Sigma-Aldrich) were used. 
Densitometric levels of PCAF signals were quantified 
and expressed as their ratio to |3-actin. 

Immunocytochemistry 

For immunocytochemistry staining, cells were fixed with 
2% paraformaldehyde and incubated with a monoclonal 
antibody against PCAF (Santa Cruz, at a final concentra- 
tion of 4 (ig/ml), followed by anti-rabbit FITC-conju- 
gated secondary antibody (Invitrogen) and co-staining 
with 4; 6-diamidino-2-phenylindole (DAPI, 1.5 (ig/ml) to 
stain cell nuclei. Labelled cells were assessed by fluores- 
cence microscopy. 

Quantitative real-time PGR (qRT-PCR) 

Comparative qRT-PCR was performed using the SYBR 
Green PCR Master Mix (Applied Biosystems). The PCR 
primers as follows: PCAF, forward (5'-CTGGAGGCAC 
CATCTCAACGAA-30 and reverse (5'-ACAGTGAAGA 
CCGAGCGAAGCA-30; PSA, forward (5'-ACCAGAG 
GAGTTCTTGACCCCAAA-30 and reverse (5'-CCCCA 
GAATCACCCGAGCAG-30; and GAPDH, forward (5'- 
TGCACCACCAACTGCTTAGC-30 and reverse (5'- 
GGCATGGACTGTGGTCATGAG-30. Total RNA was 
isolated from cells with Trizol reagent (Ambion) and trea- 
ted with DNA-free Kit (Ambion) to remove any remaining 
DNA. qRT-PCR was performed in triplicate on the Ap- 
plied Biosystems 7500 FAST Real-time PCR System. The 
Ct values were analyzed using the comparative Ct (AACt) 
method, and the target amount was obtained by normaliz- 
ing to the endogenous reference (GAPDH) and relative to 
the control (untreated cell) [21,22]. For PCR analysis of 
mature miR-17-5p, total RNAs were extracted using the 
mirVana miRNA Isolation kit (Ambion). Hsa-miR-17-5p 
and snRNA RNU6B PCR primer sets were obtained from 
Applied Biosystems. Comparative qRT-PCR was 
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performed in triplicate using the Taqman Universal PGR 
Master Mix (Applied Biosystems). Mature miR-17-5p ex- 
pression level was obtained by normalizing to the en- 
dogenous reference (snRNA RNU6B) and relative to the 
control (untreated cell) [21,22]. 

Chromatin immunoprecipitation (ChIP) 

Chip analysis was performed with a commercially avail- 
able Chip Assay Kit (Upstate Biotechnologies) in accord- 
ance with the manufacturers instructions. In brief, 1 x 10^ 
cells cultured in 10 cm culture dishes were cultured in the 
presence or absence of DHT (10 nM) for 5 h. The chro- 
matin fraction was immunoprecipitated overnight at 4°C 
using anti-PCAF (Santa Cruz, at a final concentration of 
2 (ig/ml) or anti-AR (Santa Cruz, 2 (ig/ml). A non-specific 
IgG (Santa Cruz) was used for control. Semi-quantitative 
PCR was performed with 1 [A of DNA using GoTaq Color- 
less Master Mix (Promega). PCR products were run in 1% 
Agarose gel. Densitometric levels were quantified and 
expressed as a ratio to the input. The primers used for the 
ARE-I region of the PSA promoter were forward (5^- 
TCTGCCTTTGTCCCCTAGAT-30 and reverse (5'- 
AACCTTCATTCCCCAGGACT-30 [23]. Primers cover- 
ing the following non-ARE region of the PSA promoter 
were used for control: forward (5'-CTGTGCTTGGAGTT 
TACCTG A-30 and reverse (5'-GCAGAGGTTGCAGT 
GAGCC-30 [23]. 

Anti-miR-17-5p and miR-17-5p precursor 

Anti-miR-17-5p (Applied Biosystems) was used to inhibit 
miR-17-5p function and specific miR-17-5p precursor 
(pre-miR-17-5p, Applied Biosystems) to increase miR-17- 
5p expression [24]. Anti-miRs (anti-miR miRNA inhibi- 
tors) are commercially available, chemically modified 
single-stranded nucleic acids designed to specifically bind 
to and inhibit function of endogenous miRNAs [24]. For 
experiments, cells were grown to 70% confluent and trea- 
ted with anti-miR or precursor to miR-17-5p (0-30 nM, 
Ambion) using the lipofectamine 2000 reagent (Invitro- 
gen). Non-specific anti-miR (anti-miR- Ctrl) and precursor 
(precursor-Ctrl) (Ambion) were used as controls. 

Luciferase reporter constructs with PCAF 3'UTR and 
luciferase assay 

Complementary 38 bp DNA oligonucleotides containing 
the putative miR-17-5p target site within the 3'- 
untranslated region (3'UTR) of human PCAF were 
synthesized with flanking Spel and Hindlll restriction en- 
zyme digestion sites (Sense, 5'-CTAGGACTTGTAAATG 
TAATAATTAGCACTTTTGAAAA-3'; antisense, 5'- 
AGCTTTTTCAAAAGTGCTAATTATTACATTTACAA 
GTC-30 and cloned into the multiple cloning site of the 
pMIR-REPORT Luciferase vector (Ambion). pMIR- 
REPORT Luciferase constructs containing mutant 3'UTR 



(ACTTT to AGAAT) were also generated. We then trans- 
fected cultured cells with each reporter construct (250 ng/ 
well in a 24-well plant) and the internal pMIR-REPORT 
|3-gal control construct (Ambion, 250 ng/well), as well as 
anti-miR- 17-5p or precursor to miR-17-5p using the Lipo- 
fectamine 2000 reagent (Invitrogen). Luciferase activity 
was measured and normalized to the control |3-gal level as 
previously reported [21,22]. 

PSA luciferase reporter assay 

Transfections were performed using the Lipofectamine 
2000 reagent (Invitrogen). Briefly, cells (1x10^ cells/well) 
were seeded in 24-well plates. When cells grew to 70- 
80% confluence, 250 ng of the pGL3-PSA-6 kb luciferase 
reporter construct [25] and 100 ng of CMV-P-gal were 
transfected. After 6 h incubation, the medium was chan- 
ged to the RPMI medium with 1% charcoal stripped fetal 
bovine serum (Life Technologies) overnight and then 
exposed to DHT for 24 h. Luciferase activity was mea- 
sured and normalized with the P-gal. 

Cell growth 

The 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxy- 
phenyl)-2-(4-sulfophenyl)-2 H tetrazolium (MTS) assay 
was used to detect cell growth. The nonradioactive cell 
proliferation MTS Assay Kit was from Promega (Pro- 
mega, WI). Cells were cultured in 24-well plates at a 
density of 5x10^ cells per well for 72 h. For measure- 
ment, 25 [iL of MTS reagent was added to the medium 
and cells were incubated at 37°C for 1 h. The absorbance 
was read at 490 nm in 200 [iL of soluble formazan 
medium with a microplate spectrophotometer. Cell 
number was then calculated from a standard cure and 
expressed as percentage of the control. 

Statistical analysis 

Values are given as mean ± SE. Significance was exam- 
ined by unpaired Student s ^-test. p < 0.05 was considered 
statistically significant. 

Results 

PCAF is upregulated in human PCa cell lines 

We first measured the PCAF expression levels by West- 
ern blot and qRT-PGR in several human PCa cell lines. 
As shown in Figure lA and IB, a significant increase of 
PCAF protein content was detected in these PCa cell 
lines, compared with two human prostate epithelial cell 
lines (i.e., RWPEl and PrEC). A significant increase in 
PCAF mRNA levels was also found in PCa cells as 
assessed by qRT-PGR (Figure IB). Increased expression 
of PCAF in LNCaP cells was further confirmed by im- 
munofluorescent staining using an antibody to PCAF 
(Figure IC and ID). 
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Figure 1 Expression of PCAF in cultured cell lines. A and B, expression of PCAF as assessed by Western blot and qRT-PCR, respectively. 
Representative Western blots are shown in A; (3-actin was also blotted to ensure equal loading. The amount of PCAF mRNA is shown in B. Data in 
B are averages of three independent experiments. ^ p < 0.05 compared to RWPEl and PrEC cells. C and D, expression of PCAF protein in RWPEl 
and LNCaP cells as assessed by immunofluorescent staining. PCAF was stained in green using a specific anti-PCAF antibody (in D). Cell nuclei 
were stained in blue with DAPI and overlaid images were also shown. The non-specific IgG was used as the control (as shown in C). Bar = 10 pm. 



PCAF acts as a co-activator to AR and promotes 
DHT-stimulated AR transcriptional activity and cell 
growth in LNCaP cells 

To investigate the impact of PCAF overexpression on 
AR signalling in PCa cells, we used AR-responsive 
LNCaP cells to test the effects of functional manipula- 
tion of PCAF on DHT-induced AR transcriptional acti- 
vity and cell growth. Forced expression of PCAF was 
carried out through transfection of cells with the pCX- 
PCAF construct, and a siRNA to PCAF was used to 
knock down PCAF expression, as shown in Figure 2 A. 
Treatment of LNCaP cells with the PCAF siRNA attenu- 
ated DHT-induced expression of PSA as assessed by 
qRT-PCR (Figure 2B). In contrast, transfection of 
LNCaP cells with the pCX-PCAF caused a two-fold in- 
crease in DHT-induced expression of PSA gene 
(Figure 2B). In addition, we took a well-documented 
PSA 6 kb-promoter luciferase reporter assay [25,26] and 
tested the impact of PCAF on DHT-induced AR activity. 
Consistent with data from previous studies [27], DHT 
increased AR-associated PSA luciferase activation in 



LNCaP cells (Figure 2C and 2D). Transfection of cells 
with the pCX-PCAF enhanced DHT-induced PSA luci- 
ferase activity (Figure 2C). Complementarity, knockdown 
of PCAF by the PCAF siRNA partially abolished DHT- 
induced PSA luciferase activity (Figure 2D). Cells 
transfected with the empty vector or treated with the 
non-specific scrambled siRNA showed no changes in 
DHT-induced PSA luciferase activity, and pCX-PCAF and 
PCAF siRNA displayed a similar effect on DHT-induced 
PSA expression in C4-2B cells as in LNCaP cells (data not 
shown). Consistent with results from previous studies 
[27], DHT stimulated LNCaP cell growth (Figure 2E). 
Transfection of cells with the pCX-PCAF construct pro- 
moted DHT-induced cell growth (Figure 2E). In contrast, 
knockdown of PCAF through siRNA significantly 
decreased DHT-induced cell growth (Figure 2F). 

To explore the possible mechanisms underlying 
PCAF-mediated AR transcriptional activation, we tested 
the promoter recruitment of PCAF to the AR-regulated 
PSA gene following DHT stimulation by ChIP analysis. 
AREs were previously identified in the promoter region 
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(See figure on previous page.) 

Figure 2 PCAF is a co-activator to AR and promotes DHT-induced AR transcriptional activity and cell growth. A, l<nocl<down of PCAF by 
siRNA and forced expression of PCAF tlirougli transfection of tine pCX-PCAF in LNCaP cells, as confirmed by Western blot and PCR analysis. 
B, functional manipulation of PCAF on DHT-induced transcription of PSA in LNCaP cells. Cells were exposed to DHT (10 nM) for up to 48 h, 
followed by qRT-PCR. DHT was also used to stimulate LNCaP cells that were pre-treated with siRNA to PCAF or transfected with the pCX-PCAF for 
24 h. C and D, functional manipulation of PCAF on DHT-induced PSA-6 kb luciferase activity in LNCaP cells. Cells were transfected with the PSA-6 kb 
luciferase reporter plasmid with PCAF siRNA or pCX-PCAF for 24 h, then exposed to DHT (10 nM) for 24 h. Luciferase activity was measured and 
presented as the ratio to (3-gal. E and F, functional manipulation of PCAF on DHT-stimulated LNCaP cell growth. Cells were transfected with 
pCX-PCAF (E) or treated with PCAF siRNA (F) for 24 h and then exposed to DHT (10 nM) for 72 h, followed by MTS assay. G and H, ChIP analysis 
of DHT-induced promoter recruitment AR and PCAF to the ARE region of the PSA gene in LNCaP cells. Cells were exposed to DHT (1 0 nM) for 
5 h and immunoprecipitated with antibodies to AR or PCAF, or the IgG control. Specific PCR primers covering the ARE-I region of the PSA 
promoter were used for the PCR analysis and data were presented as ratio to the input. Data in A to F are averages of three independent 
experiments. p < 0.05 compared to non-DHT treated cells (in B, C, D, E, F and H) or siRNA control (in A). *, p < 0.05 compared to cells treated 
with DHT only. Luc = luciferase activity. 



of the PSA gene [23] and, accordingly, we used two sets 
of primers for the ChIP analysis: one set of primers co- 
vers the corresponding ARE-I in the promoter of the 
PSA gene and the other set of primers covers the non- 
ARE region as the control [23]. Increased promoter re- 
cruitment of AR and PCAF to the ARE region in the 
PSA promoter was detected in LNCaP cells following 
DHT stimulation (Figure 2G and 2H), whereas no bind- 
ing of AR and PCAF was detected in the non-ARE re- 
gion (data not shown). 

PCAF is a target for miR-17-5p in cultured PCa cells 

Significant complementarity between PCAF 3'UTR and 
miR-17-5p has been identified in previous studies [17]. To 
correlate expression of miR-17-5p to PCAF upregulation 
in PCa cells, we generated a luciferase construct that con- 
tains the potential binding sequence of PCAF 3'UTR to 
miR-17-5p (Figure 3A). RWPEl and LNCaP cells were 
then transfected with this construct, and luciferase activity 
was measured 24 h after transfection. Luciferase activity 
was significantly decreased in cells transfected with the 
PCAF 3'UTR construct with the potential binding site, 
compared with cells transfected with the empty control 
vector or the mutant 3'UTR mutant (ACTTT to AGAAT 
at the putative binding site), suggesting endogenous trans- 
lational repression of the construct with the PCAF 3'UTR. 
A stronger inhibitory ratio of luciferase activity was 
observed in RWPEl cells than LNCaP cells. In addition, 
anti-miR-17-5p markedly increased PCAF 3'UTR- 
associated luciferase reporter translation. In contrast, miR- 
17-5p precursor significantly decreased luciferase reporter 
translation (Figure 3B). Interestingly, a lower level of ma- 
ture miR-17-5p content was detected in multiple PCa cell 
lines, compared with the RWPEl and PrEC cells 
(Figure 3C). To test whether miR-17-5p-mediated sup- 
pression of PCAF is directly relevant to PCAF expression 
in prostate epithelial cells, we treated cells with miR-17-5p 
precursor or anti-miR-17-5p and then measured PCAF 
protein level (treated for 48 h) by Western blot or mRNA 
level (treated for 24 h) by qRT-PCR. Transfection of 



LNCaP cells with the miR-17-5p precursor caused a sig- 
nificant decrease in PCAF protein content (Figure 3D) 
and PCAF mRNA level (Figure 3E). Conversely, an in- 
crease in PCAF protein level and message level was 
detected in RWPEl and LNCaP cells after treatment with 
the anti-miR-17-5p (Figure 3F and 3G). 

miR-17-5p modulates DHT-induced AR transcriptional 
activity and cell growth in cultured PCa cells 

Since PCAF is a target of miR-17-5p, manipulation of 
miR-17-5p function should influence AR transcriptional 
activity and cell growth in PCa cells. Thus, we tested the 
effects of anti-miR-17-5p or miR-17-5p precursor on 
DHT-stimulated AR transcriptional activation using AR- 
responsive LNCaP and C4-2B cells. Treatment of 
LNCaP cells with anti-miR-17-5p significantly increased 
DHT-induced expression of PSA, as assessed by qRT- 
PCR (Figure 4A). In contrast, miR-17-5p precursor atte- 
nuated DHT-induced expression of the PSA gene 
(Figure 4B). Complementarity, effects of anti-miR-17-5p 
and miR-17-5p precursor on DHT-stimulated AR acti- 
vity were confirmed in LNCaP cells using the PSA 6 kb- 
promoter luciferase assay (Figure 4C and 4D). Similar 
results of anti-miR-17-5p or miR-17-5p precursor on 
DHT-stimulated PSA 6 kb-promoter luciferase activity 
were obtained in C4-2B cells (Figure 4E and 4F). More- 
over, precursor to miR-17-5p inhibited DHT-induced 
LNCaP cell growth (Figure 4G). 

Discussion 

The results of our study provide the first evidence, to 
our knowledge, that miR-17-5p targets PCAF in PCa 
cells and modulates AR-regulated transcriptional activity 
and PCa growth. We found that PCAF is upregulated in 
human PCa cells and acts as a co-activator to AR and 
promotes DHT-stimulated AR transcriptional activity 
and PCa cell growth. Importantly, PCAF is a target for 
miR-17-5p, and upregulation of PCAF in PCa cells is 
associated with the downregulation of miR-17-5p. These 
data suggest that aberrant expression of miR-17-5p may 
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Figure 3 miR-17-5p targets PCAF 3'UTR, resulting in translational suppression and RNA degradation. A, the schematic of human PCAF 
mRNA showed a potential binding site in its 3'UTR for miR-17-5p. The complementary miR-1 7-5p-binding site in the PCAF 3'UTR was inserted to 
the downstream of a luciferase reporter on the pMIR-REPORT plasmid. A control plasmid with the mutant 3'UTR sequence was also generated. 
WT = wild-type. B, binding of miR-1 7-5p to the potential binding site in the PCAF 3'UTR results in translational suppression, as assessed by 
luciferase reporter assay. LNCaP and RWPEl cells were transfected with the plasmids and treated with the anti-miR or precursor to miR-1 7-5p, or 
non-specific oligo control, for 24 h, followed by luciferase analysis. Mut = mutant; ^ p < 0.05 compared to the controls; #, p < 0.05 compared to 
PCAF 3'UTR transfected alone. C, expression of miR-1 7-5p in cells, as assessed by qRT-CR. Mature miR-1 7-5p level was obtained by normalizing to 
the endogenous reference RNU6B. D and E, miR-1 7-5p precursor decreases PCAF expression in LNCaP cells. Cells were treated with various doses 
of miR-1 7-5p precursor or nonspecific precursor control, followed by Western blot for PCAF protein (after incubation for 48 h) or PCR for PCAF 
mRNA (after incubation for 24 h). F and G, anti-miR-1 7-5p increases PCAF expression in RWPEl and LNCaP cells. Cells were treated with various 
doses of anti-miR-1 7-5p or non-specific anti-miR control followed by Western blot for PCAF protein (48 h) or PCR for PCAF mRNA (24 h). Data in 
B, C, E, and G are averages of three independent experiments. ^ p < 0.05 compared to RWPEl and PrEC cells (in C) or the controls in E and G. 



contribute to promiscuous activation of AR signaling in 
PCa cells through modulation of PCAF expression at the 
posttranscriptional level 

Transcriptional activity of the AR is regulated by co- 
regulators, and the current study demonstrates that 
ligand-induced AR function is enhanced by PCAF in 
PCa cells. We found that PCAF was upregulated, both at 



the protein and message levels, in several PCa cell lines. 
The results of our luciferase reporter assay and ChIP 
analysis further confirmed the involvement of PCAF in 
the transcriptional regulation of AR-regulated PSA in 
cultured PCa cells, including LNCaP cells and C4-2B 
cells. Consequently, functional manipulation of PCAF 
altered ligand-induced PCa cell growth. Our data 
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indicate that PCAF may augment AR-regulated gene 
expression, consistent with the results from previous 
studies [28,29]. Of note, it appears that both androgen- 
sensitive (LNCaP) and androgen-refractory (C4-2B and 



PC-3) cell lines showed an increase in PCAF expression. 
Therefore, upregulation of PCAF may not be a critical 
determinant for the hormone- refractory or castration- 
resistant emergence of the disease. Interestingly, 
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Figure 4 Effects of functional manipulation of miR-17-5p on DHT-induced AR transcriptional activity and cell growth. A and B, impact of 
functional manipulation of miR-17-5p on DHT-induced transcription of the PSA gene. LNCaP cells were treated with anti-miR-1 7-5p or miR-17-5p 
precursor for 48 h and then exposed to DHT (10 nM) for an additional 24 h, followed by qRT-PCR analysis. C - F, impact of functional 
manipulation of miR-17-5p on DHT-induced PSA-6 kb luciferase activity in LNCaP cells (C and D) and C4-2B cells (E and F). Cells were transfected 
with the PSA-6 kb luciferase reporter plasmid and simultaneously treated with anti-miR-1 7-5p or miR-17-5p precursor for 48 h, then exposed to 
DHT (10 nM) for an additional 24 h. Luciferase activity was measured and presented as the ratio to (3-gal. G, inhibition of miR-17-5p precursor on 
DHT-stimulated LNCaP cell growth. Cells were treated with miR-17-5p precursor for 48 h then exposed to DHT (10 nM) for 72 h, followed by MTS 
assay. Data are averages of three independent experiments. ^ p < 0.05 compared to non-DHT-treated cells (in A -G); *, p < 0.05 compared to cells 
treated with DHT only. Luc = luciferase activity. 



transfection of pCX-PCAF itself stimulated LNCaP cell 
growth in the absence of DHT, One possible explanation 
for this observation is that forced expression of pCX- 
PCAF may also stimulate cell growth through AR- 
independent mechanisms. 

Whereas increased transcription of the PCAF gene 
may be one of the mechanisms accounting for PCAF 
upregulation in PCa cells, our data support that miRNA- 
mediated posttranscriptional suppression may be 
involved. In a recent report by Triboulet [17], miR-17-5p 
was shown to bind to PCAF 3'UTR to suppress transla- 
tion, resulting in suppression of the PCAF gene at the 
posttranscriptional level in HeLa cells. Here, we con- 
firmed the targeting of PCAF 3'UTR by miR-17-5p using 
the luciferase reporter construct with the potential bind- 
ing site for miR-17-5p in non-malignant prostate epithe- 
lial cells and PCa cells. A significant decrease in the 
luciferase reporter translation was detected in cells 
transfected with miR-17-5p precursor, using the lucifer- 
ase reporter construct covering the potential binding site 
for miR-17-5p within PCAF 3'UTR. Meanwhile, we 
found that LNCaP cells, after transfection of the miR- 
17-5p precursor, also showed a decreased level of PCAF 
mRNA. In contrast, treatment of RWPEl and LNCaP 
cells with anti-miR-17-5p increased PCAF mRNA level. 
Therefore, both translational repression and induction of 
RNA degradation are involved in miR-17-5p-mediated 
posttranscriptional suppression of PCAF in PCa cells. 
Indeed, we detected a decreased level of miR-17-5p in 
PCa cell lines. Although a decrease in miR-17-5p expres- 
sion can partially explain the upregulation of PCAF in 
PCa cells through a relief of miR-17-5p-mediated post- 
transcriptional suppression, the majority of previous 
miRNA arrays done by different laboratories on prostate 
tumors revealed an increase in miR-17-5p expression 
[18,19]. Interestingly, expression of miR-17-3p, which is 
from the 5' arm of the precursor for miR-17-5p, appears 
to be downregulated in prostate tumor tissue [20]. Ob- 
viously, alterations in the expression profile of miR-17 
cluster miRNAs in PCa cells differ in vivo and in vitro, 
relevant to further studies on the role of miR-17 cluster 
in prostate tumorigenesis. In addition, this study does 
not preclude the possibility that other miRNAs may 



target PCAF in PCa cells, particularly, those miRNAs 
that are downregulated in PCa cells. Moreover, the ques- 
tion of whether the high level of PCAF protein detected 
in PCa cells involves dysfunction in protein degradation 
pathways merits further investigation. 

Conclusions 

In this study, we demonstrated that PCAF is upregulated 
in human PCa cell lines. PCAF acts as a co-activator for 
AR, and promoter recruitment of PCAF enhances trans- 
activation of AR-regulated genes in PCa cells. Upregula- 
tion of PCAF in cultured PCa cells may be associated 
with downregulation of miR-17-5p, a miRNA that sup- 
presses PCAF mRNA translation and induces its degra- 
dation. Therefore, miR-17-5p targets PCAF in cultured 
PCa cells and modulates AR-regulated transcriptional 
activity and PCa growth. 

Abbreviations 

PCa: Prostate cancer; AR: Androgen receptor; miRNAs: microRNAs; 
PCAF: p300/CBP-associated factor; DHT Dihydrotestosterone; AREs: Androgen 
response elements; PSA: Prostate-specific antigen; HAT: Histone 
acetyltransferase; ChIP: Chromatin immunoprecipitation; 3'UTR: 3' 
untranslated region; qRT-PCR: Quantitative real-time PCR. 

Competing interests 

The authors declare that they have no competing interests. 
Authors' contributions 

AYG, ANE, JX, JZ, DC, and XMC participated in the study design, data 
collection, and data analysis and drafted the manuscript. AYG, ZYW, CYFY 
and XMC participated in the data analysis and drafted and revised the 
manuscript. All authors read and approved the final manuscript. 

Acknowledgements and funding 

We thank Jun Liu for helpful and stimulating discussions. The PCAF 
expression vector pCX-PCAF (Flag-tagged) was a gift from Professor Tony 
Kouzarides (University of Cambridge, UK). We also thank Barbara L. Bittner for 
her assistance in editing the manuscript. 

This work was supported by the Tobacco Settlement Foundation of 
Nebraska LB506 and Creighton University Cancer and Smoking Research 
Program LB585 and LB595 (to XMC). 

Author details 

^Department of Medical Microbiology and Immunology, Creighton University 
School of Medicine, Omaha, NE 68178, USA. ^Key Laboratory of Biological 
Resource and Ecological Environment of Chinese Education Ministry, College 
of Life Science, Sichuan University, Chengdu 610064, China. ^Department of 
Urology, Mayo Clinic College of Medicine, Rochester, MN 55905, USA. 



Gong et al. BMC Cancer 201 2, 1 2:492 Page 1 0 of 1 0 

http://www.bionnedcentral.conn/1471-2407/12/492 



Received: 4 November 201 1 Accepted: 18 October 2012 
Publislied: 24 October 2012 



References 



10. 



12. 



13. 



14. 



16. 



17. 



19. 



20. 



22. 



23. 



Jemal A, Siegel R, Ward E, Hao Y, Xu J, Murray T, Thun MJ: Cancer statistics, 
2008. CA Cancer J Clin 2008, 58:71-96. 

Culig Z, Bartsch G: Androgen axis in prostate cancer. J Cell Biochenn 2006, 
99:373-381. 

Lamont KR, Tindall DJ: Androgen regulation of gene expression. Adv 

Cancer Res 20]0, 107:137-162. 

Debes JD, Tindall DJ: Mechanisms of androgen-refractory prostate cancer. 

N Engl J Med 2004, 351:1488-1490. 

Gao L, Alumkal J: Epigenetic regulation of androgen receptor signaling in 
prostate cancer. Epigenetics 2010, 5:100-104. 

Nagy ZL, Tora L: Distinct GCN5/PCAF-containing complexes function as 
co-activators and are involved in transcription factor and global histone 
acetylation. Oncogene 2007, 26:5341-5357. 

Chmelar R, Buchanan G, Need EF, Tilley W, Greenberg NM: Androgen 
receptor coregulators and their involvement in the development and 
progression of prostate cancer. Int J Cancer 2007, 120:719-733. 
Bartel DP: MicroRNAs: genomics, biogenesis, mechanism, and function. 

Ce//2004, 116:281-297. 

Krol J, Loedige I, Filipowicz W: The widespread regulation of microRNA 
biogenesis, function and decay. Nat Rev Genetics 2010, 1 1:597-610. 
Lujambio A, Lowe SW: The microcosmos of cancer. Nature 2012, 
482:347-355. 

lorio MV, Croce CM: MicroRNA dysregulation in cancer: diagnostics, 
monitoring and therapeutics. A comprehensive review. EMBO Mol Med 

2012, 4:143-159. 

Kasinski AL, Slack FJ: MicroRNAs en route to the clinic: progress in 
validating and targeting microRNAs for cancer therapy. Nat Rev Cancer 

2011, 11:849-864. 

Corsini LR, Bronte G, Terras! M, Amodeo V, Fanale D, Fiorentino E, Cicero G, 
Bazan V, Russo A: The role of microRNAs in cancer: diagnostic and 
prognostic biomarkers and targets of therapies. Expert Opin Ther Targets 

2012, 16:5103-5109. 

5evli 5, Uzumcu A, 5olak M, Ittmann M, Ozen M: The function of 

microRNAs, small but potent molecules, in human prostate cancer. 

Prostate Cancer Prostatic Dis 2010, 1 3:208-21 7. 

Liu C, Kelnar K, Liu B, Chen X, Calhoun-Davis T, Li H, Patrawala L, Yan H, 

Jeter C, Honorio 5, Wiggins JF, Bader AG, Fagin R, Brown D, Tang DG: The 

microRNA miR-34a inhibits prostate cancer stem cells and metastasis by 

directly repressing CD44. Nat Med 2011, 17:211-215. 

Maugeri-5acca M, Coppola V, Bonci D, De Maria R: MicroRNAs and prostate 

cancer: from preclinical research to translational oncology. Cancer J 20]2, 

18:253-261. 

Triboulet R, Mari B, Lin YL, Chable-Bessia C, Bennasser Y, Lebrigand K, 
Cardinaud B, Maurin T, Barbry P, Baillat V, Reynes J, Corbeau P, Jeang Kl, 
Benkirane M: Suppression of microRNA-silencing pathway by HIV-1 
during virus replication. Science 2007, 315:1579-1582. 
Volinia 5, Calin GA, Liu CG, Armbs 5, Cimmino A, Petrocca F, Visone R, lorio M, 
Roldo C, Ferracin M, Prueitt RL, Yanaihara N, Lanza G, 5carpa A, Vecchione A, 
Negrini M, Harris CC, Croce CM: A microRNA expression signature of human 
solid tumors defines cancer gene targets. Proc Natl Acad Sci USA 2006, 
103:2257-2261. 

5ikand K, 5lane 5D, 5hukla GC: Intrinsic expression of host genes and 
intronic miRNAs in prostate carcinoma cells. Cancer Cell Int 2009, 9:21. 
Zhang X, Ladd A, Dragoescu E, Budd WT, Ware JL, Zehner ZE: MicroRNA- 
17-3p is a prostate tumor suppressor in vitro and in vivo, and is 
decreased in high grade prostate tumors analyzed by laser capture 
microdissection. Clin Exp Metastasis 2009, 26:965-979. 
Gong AY, Hu G, Zhou R, Liu J, Feng Y, 5oukup GA, Chen XM: MicroRNA-221 
controls expression of intercellular adhesion molecule-1 in epithelial 
cells in response to Cryptosporidium parvum infection. Int J Parasitol 201 1, 
41:397-403. 

Gong AY, Zhou R, Hu G, Liu J, 5osnowska D, Drescher KM, Dong H, Chen XM: 
Cryptosporidium parvum induces B7-H1 expression in cholangiocytes by 
downregulating microRNA-51 3. J Infect Dis 201 0, 201 :1 60-1 69. 
Gaughan L, Logan IR, Neal DE, Robson CN: Regulation of androgen 
receptor and histone deacetylase 1 by Mdm2-mediated ubiquitylation. 
Nucleic Acids Res 2005, 33:13-26. 



24. Pedersen IM, Cheng G, Wieland 5, Volinia 5, Croce CM, Chisari FV, David M: 
Interferon modulation of cellular microRNAs as an antiviral mechanism. 
Nature 2007, 449:919-922. 

25. Gong AY, He M, Krishna Vanaja D, Yin P, Karnes RJ, Young CY: Phenethyl 
isothiocyanate inhibits STAT3 activation in prostate cancer cells. Mol Nutr 
Food Res 2009, 53:878-886. 

26. Yuan H, Young CY, Tian Y, Liu Z, Zhang M, Lou H: Suppression of the 
androgen receptor function by quercetin through protein-protein 
interactions of Spl, c-Jun, and the androgen receptor in human prostate 
cancer cells. Mol Cell Biochem 2010, 339:253-262. 

27. Miyajima N, Maruyama 5, Bohgaki M, Kano 5, 5higemura M, 5hinohara N, 
Nonomura K, Hatakeyama 5: TRIM68 regulates ligand-dependent 
transcription of androgen receptor in prostate cancer cells. Cancer Res 
2008, 68:3486-3494. 

28. Fu M, Wang C, Reutens AT, Angelletti R, 5iconolfi-Baez L, Ogryzko V, 
Avantaggiati ML, Pestell RG: p300 and P/CAF acetylate the androgen 
receptor at sites governing hormone-dependent transactivation. J Biol 
Chem 2000, 275:20853-20860. 

29. Reutens AT, Fu M, Wang C, Albanese C, McPhaul MJ, 5un Z, Balk 5P, Janne OA, 
Palvimo JJ, Pestell RG: Cyclin D1 binds the androgen receptor and regulates 
hormone-dependent signaling in a p300/CBP-associated factor (P/CAF)- 
dependent manner. Mol Endocrinol 2001 , 1 5:797-81 1 . 



doi:1 0.1 1 86/1 471 -2407-1 2-492 

Cite this article as: Gong et al.: miR-17-5p targets the p300/CBP- 
associated factor and modulates androgen receptor transcriptional 
activity in cultured prostate cancer cells. BMC Cancer 2012 12:492. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at 
www.biomedcentral.com/submit 



o 



BioMed Central 



